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(57)Abstract: 

PROBLEM TO BE SOLVED: To sufficiently bring out 
potential ability of a four-group compositional zoom lens 
and to solve the manufacturing problem of each 
component caused by that zoom ratio is made high in 
magnification. 

SOLUTION: In this zoom lens 1 of a multiple-group 
composition having plural lens groups, a first lens group 
GRI that is positioned to be the closest to an object side 
is composed of a cemented lens of a first concave 
meniscus L1 whose convex surface is directed to the 
object side and a second convex lens L2, and a third 
convex meniscus lens L3 whose convex surface is 
directed to the object side in this order from the object 
side. As the material of the second lens, the glass 
material whose degree of wear is >300 is used, and a thin resin layer is formed on at least 
one surface of the second lens. 
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m L.<Dtz#><DgiWZMfe Ufc*#SC 2 fC*J^T, 1 / v 

ivtoffi^TPSSrS^Siptw^Si, S4 uyXilGR 
l^ttLSl\ r^iSffi*X-Al/yX©^i: 
50 [0 0 5 8] ^ttSlCfeV^^ 1/vIIICO 



11 

tc, »4 u^X»GRIV<z>fe?BL«i*S:i3<*S'5Sr» 
ft<45^ :fti:ioT, f^&^T 1 / v iv 

4 U>X|?GRIVT*WE*ix5 <fc 5i:ftoTV^Ot% 

ftJR«EO*l5E*SHIti: *6. 

[0 0 5 9] »c^, *38^X— AU^XoHjSS^ffiSr 
«i-*llfltl6«Kov^-C % RttHiBttlLTlllSt 

[0 0 6 0] jfci\ *i!<Pll-o^Tl&ej31-6 0 

[0 0 6 1] X-i.uyXifl 4fe#ffld*&NNI^ 1E<D 

XpGRIIi:, lOi^^L, ^@M3i/y 
XpGRIIIt, Ecd/SJWj^U X— ^V^t^J:^ 

4i-yXgfGRiviaotM*ix> »l^»GR 

^ l/>-XcDf| 1 uyXL 1 tibl/>'X(0^2 U-VXL 2 20 

kyX^3i/yXL3±otMU 12 1/yXBG 

^Xl/^S4 uyXL 4&LWQJ] 5 

xl 5 tfii/yx^6 uyXL 6 ^i^uyxci 

oT«J*U SS3 v:xXWGRIII«\ ttflcflO^&W^ 
£bl/>-X(£>3? 7 1/yXL 7 t[!fll/yX(Oi8 1/yXL 8 
t^l/yXiotSfiScU ^4 1/yXiGRIV^ 

X(D%S9 1/yXL 9 tdil/yXoSl 0 uyXL 10^ 30 

o^wyXRtffl^vxoi i i i/yXL i i cio 

[0 0 6 2] X— A^Xl te*5Vvff±* ill/ 



4#B8 2000-227548 
12 

®T*fc«9, $3 U>XS¥GRIII^7 1/VXL 7(Oft 
ftfflOB^itfc^ i4l/yXBGRIV©*10 
1/yXL 1 0<^^(l!)^)ffi^#3*ffiT*fcSo 

[0 0 6 3] ^2UyXSGRII^6uyXL 
6tl3 l/>Xg¥GR III<£>§|7 1/yXL 7 irORI^tt 
jR9 2^ 314 1/yXSGRIVOSl 1 ^^X^ffi3 
fc£>IHK:tt:7-f ^ 4^iBe^ttTV^e 

[0 0 6 4] yTC, #3S93X— J*U>>X<DPEm$:7F-t 

[0 0 6 5] ft, «TOtft^{C^oV>T, Ti' j fi, « 

5 [r i] li*#M^fttti*109«)A 

sp^S* r d i J liIiBi:ii+lIt©R|OSra 
R|, Tnij i uyXL i Sr«*t5*te^dSl- 
*5tt5ffl0f*, r v ij uyXL i Sr^-TSW 

loTy^ft, r f i j ten i uyXL i (om^SBHLs 
r f Illj «:J|S3 u^XWGRIII*r»rt«3|r*4: UTW- 

»ufc«fi:«i*-frj«*j«e«, r f ivj £jg4 uyx# 

GRIVfc»rt***t LTW-J|EUfc«ftWft-&rii**E 
TvIIIJ «3 uyXBGRIII^giTs/^ 
TvIVj 14 l^^X»GRIVO«fffiTy^<*ii-S 0 
[0 0 6 6] *«BO^Kt, ##B<DSSS«: 

Tx ij , 5ttt^e>Oi«*S: rHj tt5^ 

x i = H 2 /r i { 1 + (1 -HVr i 2 ) 1/2 } + £ 
(A j • j H J ) 

&7jk-fh<Dx**>y, m*Li£. r e — 3 j «\ rio _3 j 

[0 0 6 7] «T<£>SI 1 2 KflCHttiffil 1 |C« 

d^X-AI/yXl O^SffiXVIgl UVXpGRIO 

[0 0 6 8] 

[SI] 



(8) ftffl 2000-227548 

13 14 



ri 


di 


ni 


vi 


r 1=80. 105 


dl=1.35 


n 1=1.84686 


v 1=23.8 


r2=47.619 


d2 =6.072 


n2=1.49700 


v 2=81.6 


r3=-97.923 


d3=0.08 


n2-1.53610 


v 2'=41.2 


r3*=-92.152 


d3*=0.2 






r4=25.491 


d 4=4.458 


nJ3=1.49700 


v 3=81.6 


r5=79.293 


d5=variable 






r6=14.147 


d6=0.6 


n4=1.8830O 


v 4-40.8 


r7=5.811 


d7=2.968 






r8=-7.933 


d8=2.5 


n 5=1.806 10 


v 5=40.7 


r9=5.611 


d9=2.416 


a6=1.84666 


v 6=23.8 


rl0=332.371 


d 10- variable 






rll=g£9 


dll=2 






rl2=15.357 


dl2=2.569 


n7=1.58913 


v 7=61.3 


rl3=- 19.031 


dl3=l 


n8=1.65844 


v 8=50.9 . 


r 14=58.888 


dl4=variable 






rl5=16.761 


dl5=l 


n9= 1.84666 


v 9=23.8 


rl6=8.975 


d 16=2.445 


iil0=1.58913 


v 10=61.3 


r±7-— ZSf.7ZU 


al7=U.Z 






r 18=43.471 


dl8=1.575 


nll=1.58913 


v 11=61.3 


rl9=-43.471 


dl9=variable 








d=2.52 


n=1.51680 


v=64.2 











back focua=1.20 



[0 0 6 9] JLfBS 1 Id^-T ± o X — A 1/yX 1 (73 
X-^y^t-^v'y^ffotffiPlid 5, dl 
0, d 1 4Wd 1 9 RT^ (variable) t?fe So tSo 
T % * 2 ( f = 2 . 3 16) % MiSS ( f = 1 

22. 02) Rxfmn^tmi&mtco^mm^iim u 

-4 0. 13 1) fc*5rt-5±EpT*«>#BBWRi©4Hkli: 
£r^i~ 0 40 

[0 0 7 0] 

[H2] 





2.316 


40.131 


122.02 




1.85 


2.72 


426 


2<oD 


59.15 


3.57 


1.16 


d5 


1.00 


29.05 


33.50 


dlO 


34.00 


5.95 


1.50 


dl4 


11.33 


4.12 


13.16 


dl9 


10.00 


17.21 


8.17 . 



[0071] m3iz#mm\z£oxmj&£tiz>m 

r 3' , r 1 2RTfr 1 7 CO 4 #\ 6 ft N 8 ft&L* 1 0 
ft©*WSA4, A6 N A8S^A10 5r/Tt o 

[0 0 7 2] 

[S3] 



(9) 



2000-227548 



15 



16 





A4 


A6 


AS 


A10 


r3' 


+0.1293e-5 


-0.1974e-10 


+0.3254e-12 


+0.3000e-15 


rl2 


-0.7985e-4 


+0.6757e-6 


-0.7380e-7 


+0.1774e-8 


rl7 


+0.5169e-4 


-0.1560e-5 


+0.6792e-7 


-0.1600e-8 



[0 0 7 3] *4i^iitrlB*#S:i&o { 2ic:iBigi-5«-«k 

[0 0 74] 
[*4] 



f7 


14.84 


a 


-24.25 


f8 


-21.73 


no 


11.98 


on 


46.80 


£11 


37.14 


l/vin 


0.00913 


frv 


14.46 




1/vIV 


0.000987 



[0076] «ffiiix^iaic*3v^-c. mmitdm, m. 
io ^ligi. -&mmi-3.cmT'(Dm.&^-t-hcDx-h<o . # 

[0 0 7 7] *5XlWa6<4, 8tft*lfc0!l2fc<*:b3X 

[0 0 7 8] 
1^5] 



[0 0 7 5] El 3 ftSB 5 \Z^tK^fh. I£fci8, JK^ffi* 



ri 


di 


ni 


vi 


rl=l 19.227 


dl=1.35 


nl=1.84666 


v 1=23.8 


r2=55.556 


d2=6.22 


n2=1.49700 


v 2=81.6 


r3=-73.84S 


d3=0.08 


n2'= 1.536 10 


v 2*=41.2 


r3*=-69.307 


d3*=0.2 






14=24.584 


d4=4.78 


n3=1.48749 


v 3=70.4 


r5=80.883 


d5=variable 






r6=17.195 


d6=0.6 


n4=1.83400 


v 4=37.3 


r7=6.140 


d7=2.967 






r8=-8.110 


d8=2.5 


n 5=1. 80420 


v 5=46.5 


r9=5.764 


d9=2.389 


n6=1.84666 


v 6=23.8 


rl0=142.857 


dl0=variable 








dll=2 






rl2=16.080 


dl2=2.318 


n7=1.58913 


v 7=61.3 


rl3=- 40.000 


d!3=l 


n8=1.65844 


v 8=50.9 


rl4=60.241 


dl4=variable 






rl5=15.341 


dl5=l 


n9=1.84666 


v 9=23.8 


rl6=8^11 


dl 6=2.524 


nl0=1.58913 


v 10=61.3 


rl7=-34.598 


dl7=0.2 






rl8=46.011 


dl8=1.567 


n 11=1.62299 


v 11=58.1 


rl9=-46.011 


dl9=variable 








d=2.52 


n=1.51680 


v=64.2 











backfocus=1.217 

[0 0 7 9] JbffiS 5 \Z7F~t£ 0 \Z S X~i* 1/yX 1 A ( f = 4 0 . 

(OX-$y^Rtf7t-*'>y^otEISIIBd 5, *«Sr^i". 

dlO, d 1 4Md 1 9 fi"5T^ (variable) "CfcSo t£ [0 0 8 0] 

oT, ^6{CJK^« (f = 2. 3 0 4) , m&m ( f = [^6] 

1 2 2. 2 2) XVJ£A«tffiS»fcO«t>W«[^ffilt 50 



552) i£i3tt5±e"5rg(0#ffiMm©# 



17 









199 99 












59 63 


3 53 


1.16 


d5 


1.00 


29.07 


33.50 


dlO 


34.00 


5.93 


1.50 


dl4 


11.72 


4.27 


13.48 


dl9 


10.00 


17.45 


8.24 



(10) «HSB2 000-227 5 48 

18 

* [0081] ^tz. mTiatmmzxoxffii&ztizm 

r 3' , rl2Wrl7^4ft N 6 8ftMlO 
&O^BiiA4, A 6, A8MA10^f o 
[0 0 8 2] 



10 





A4 


A6 


A8 


A10 


r3' 


+0.1778e-5 


+0.1648e-9 


+0.5000e-12 


+0.3000e-15 


rl2 


-O.8026e-4 


-K).1211e-5 


-0.9191e-7 


+0,1905e-8 


rl7 


+0.3749e-4 


-0.1208e-5 


+0.5198e-7 


-0.1600e-8 



[oo83] m8 (cifffE3M*5S i 2 icmm-r z&m 

[0 0 8 4] 
[=g8] 



f7 


19.77 


£9 


-22.30 


f8 


-36.36 


no 


11.51 


on 


43.33 


fll 


37.17 


i/vin 


0.01230 


fIV 


14.51 




1/vIV 


-0.0000551 



[0 0 8 5] mTTbmmQKttlt'fh, fcfim 
t Mil* £ o 1= Pfl M t^SiSS K & (t 5 J$ EHX 

20 ftSMm.'B.xim.fei&mz^-r,, 

[0 0 8 6] m9 RUM 1 0 ii, SfcffiUJg^J 3 (C#fc>5 
X-Ai/yXiBrolSMyfi u>Xi¥GRKO« 

[0 0 8 7] 
[3£9] 



(11) %fffi 2000-227548 

19 20 



zi 


di 


ni 


v i 


rl=81.908 


dl=1.35 


n 1=1.84666 


v 1=23.8 


r2=47.619 


d2=6.13 


n2=1.49700 


v 2=81.6 


r3=-96.357 


d3=0.08 


n2«=1.53610 


v2'=41.2 


r 3^90. 775 


d3=0.2 






r4*=25.773 


d4'=0.1 


n3"=1.536l0 


v 3*=41.2 


r4=25.773 


d4=4.32 


n3=1.49700 


v 3=81.6 


r5=86.493 


d5'=0.1 


n3=1.53610 


v S^l.2 


r5 , =86.493 


d5= variable 






16=14.943 


d6=0.6 


n4=1.88300 


v 4=40.8 


r7=5.740 


d7=2.813 






x8=-7.873 


d8=2.5 


n5=1.80610 


v 5=40.7 


i9=6.680 


d9=2.451 


n6=1.84666 


v 6=23.8 


rl0=-80 1.107 


dlO=variable 








dll=2 






rl2=15.105 


dl2=2.551 


n7=1.58913 


v 7=61.3 


rl3=- 18.072 


dl3=l 


n8=l. 65844 


v 8=50.9 


rl4=56.574 


dl4=varlable 






rl5=16.946 


dl5=l 


n9=184666 


v 9=23.8 


rl6=9.104 


d!6=2.342 


n 10=1, 589 13 


v 10=61.3 


rl7=-33.982 


d!7=0.2 






rl8=39.872 


dl8=1.620 


nll=1.58913 


v 11=61.3 


rl9=-39.872 


dl9=variable 








d=2.52 


n=1.51680 


v=64.2 











back focun=1.250 

[0 0 8 8] ±IS* 9 {-^-T«t 5 X— AWVXltf) [0 0 9 0] £fc. Sll f^^Hl- X-oXffil&ZtlZ 

m&.McRTl7*-1oi/^y^ft^Xmmma 5, dl 30 Ir3' , rl2Wrl7©4ft > 8W1 

0, d 1 4St/d 1 9 "51^ (variable) -C*fc5o 0 &CD#i£ffi#.i£A 4 . A6, A 8 SlfA 1 0 

x, mi oicje^iss (f = 2. 316) , aii (f= [009 u 
122. 02) Rxfi&ftmtm&Mb<D'S>fflmMtiLm imi 1] 

(f=40. 1 3 1) fC:|bNt5±!E^O#®Fy1PS^93- 
Sfc{ii: : S::^i^, 
[0 0 8 9] 
[*10] 





2.309 


38.715 


123.210 




1.85 


2.68 


4.31 


2o>0 


59.08 


3.69 


1.16 


d5 


1.00 


29.05 


33.50 


dlO 


34.00 


5.95 


1.50 


dl4 


12.19 


5.19 


14.10 


dl9 


10.00 


17.00 


8.09 



40 



(12) 



21 



EfBB 2000-227548 
22 





A4 


A6 


AS 


A10 


r3' 


-K).1319e-5 


-0.5105e-10 


+0.4923e-12 


+0.1244e-16 


r!2 


-0.7092e-4 


-0.1114e-6 


-0.3056e-7 


+0.9796e-9 


rl7 


+0.5598e-4 


-0.1500&-5 


+O.6170e-7 


-0.1417e-8 



[0 0 9 2] mi 2(CHufS*{*S;iSU ? 2(cMiii-S# 

[0 0 9 3] 
[*12] 



f7 


14.38 


f9 


-24.68 


f8 


-20.69 


flO 


12.44 


on 


47.15 


£11 


34.10 


l/vin 


0.00872 


flV 


14.45 




1/vIV 


0.00126 



[ 0 0 9 4 ] 111 1 1 Jbmm 1 3 K^rtv^tU J£^4S. JE 

[0 0 9 5] W±(cf5«LfcJ;5(-, *^^(-J:tLtf, 
-««)*4W«*OX-iKU>'X^»ffc4*«5 

[0 0 9 6] JilE#«^»*<Oiia*-&i3*fc± 
[0 0 9 7] ft, ffirlESUSW^^*3V^T^Lfc=S-S|5(0 

[0 0 9 8] 

1 u>X»Sr, «»«£fll*»e>IBI-*frfl!l^i2iffiS:^»tfclH 
^—xjixu^XcD'Mi uyxt i£bu->-X(7)^2 i/yX 
i <©Ste> u > XStffilfrffiJ k £b® £ rRi a * =■ * t> * 
I'yXwiai/yxciotiSL, SB2uvx©«-jt 

iag««^3 o 0EJl±©ffittfcfl3v\ it 1 

5«2 u^XSrJ««a;©*:#v^iH"Cg?flStc«5ftL, 
♦SftcoX; t v ^{8*t£fl§ ^ 5 r. t (c i o rdfc C -5 ffifMEco 

oTi&S&SifS&£#5± 5 i:Lf:©T% X— A i^X 



<£>M3£=* HHS*-*"* 5. 

[0 0 9 9] 2 f-fSi&L/c^lCfc oT (4, 

<DU^XPSr^r-rs#S¥fl}fiK©X— AU^XIC&^T, 
10 *fc*fr(IIU-fit«i-5JBl uvX»Sr. ttf*cM^&Mlc 
^ftiJ^iaSSrlpItt^iDfl^^^^^uvXcDffl uvX 
tdbU-VX<?5^2 l^Xiro^u^X&uq&flrWci, 
ffi^frttfc^^X^i-vXcDjfis uyXCioti^ 

v\ i t, l B©*ffilcj»Jgrofv>IS-ML 

$3 u>-x^«*©>:#^5B«-T-^fliiici!ijtL N mm 

20 rj&gfc®ftaf£#5<fc 5tcLfccor\ X-AuyX© 
[0 10 0] W**3fcE«Ufc*Wlca!)otf4» 

i^yxsi, jE©jb*t:*j«:*u x-'y/iciSM 
filroilEi 7^--*-»i/o^:i6t^St)'5THg^S4 u- 
yXHcj:oTif£$h5X- ^u^X{::*3V>T, 8?i 

30 i^*^uvXciIi kyXifii/yX©l2i/yXi: 
ro^^vXSt^^lHUJ-iaffiSrlBlftfcia^^^^^u 
yXrolSl/yXlciotisKU *2W>'X»Sr, 4£) 

<DWi4 u>-XRtJffimi'>'X?>Wi5 u-vXinfiu^Xco 
16 U^Xi:(D^l/yX|CJ;oTMU 13 1/yX 

©Ssi/yXtog^i/yXiactML, f4i^y 

U>"Xcd^9 U-V-XtdiW-VXcDMl 0 UVXt© 

40 g^i/yXSU!|!bi/yX©Ii l i/yXi;iotM 
L v g 1 u>X»Sr«^t5# uyX©'>« < i 1 1 o 

Lit cor-, /hScDSIfe^<D;fHJ^&&;kPllc£a»Lr, 
3yBttfc*£ S^fflOfcT^* 
;>< 7fcffl^5<bcDi Lr+#ftii5®g£<§;ifcX-Au 
^XSrJftWi- 5 r. <k ^t-t 5 0 
50 [0 10 1] Jt, «*JS4l:|EtLfc^l:foct 



r 



23 

[0 10 2] tt#*5fc:|E*L7!:389ifcfco-a±, 

J:oTflfeC6*WK«©*»«r»*Wlcai«i-*ii:* 10 
[0 10 3] W*q[6lClE*bfc3BW»C*>oTI4» fg 1 

[0104] Hfc, 7 7i^lt*3S 9 KB* 

[0105] m#g[ 1 0 JiMff #Jg 1 6 fc|E* 
fi-f©7^<M8 0W±iC-f-5a:*fC. I3U^X(D 

2 UVXMI3 u>XfcJ**a5#*MKtti: 

^H^rouvX^Bco^S^fBii^-tirS - i: 30 

[0 1 0 6] tt#*l 7l£ffi*Lfc38Ef-*>oTM:, IB 
t*(c^4 wX#©JS 1 0 uvX©|fe{i!l©ffi 

fcihMcoimUm. t =^iKSISrftff fettlEi" 5 d <t 

[0 10 7] W#gU 8fclE*Lfc$6W{ca>oTW\ 3? 

3 wyXgS^4 U>X|¥/5S, vlll£r^3 uyX# 
©«B7 5"^[, vIVSrl4l/yX»©ftf7 5"<i:t 

-0. 018<l/vIII<0. 0 18X0* 



2000-227548 

24 

-0. 00 5<l/vIV<0. 0 0 5 <D&gift&ffi&-t 

[ia i ] #3S9ix-A u^X(n%m.mm\^mt>^m^. 

[HI2] H3 75SH5 *3B9iX— A yyX©I 

l u^X#©*/S&««Mlj|;:*i-|g-ca!>a. 
[H3] j£^ffii^*5ft5^®HxM, #-*iiRSSXVS*JR 

[0 6] H7 7!;SI19 #$gf!X-A i/yXffl* 

1 uvXSfco^^tKB&Wlc^-TillT-fc-So 
[17] j£*|iHU:*5»*5#ffiiK£, #-pSiRaxvaSftiR 

im 8 ] &AMtw&mb<o'pmMjti.&mzisttz>i*m 
[ni9] aa«»c*s»t53*ffiiRS> ^URSxvai*© 

[Hi 0] mi 175MH11 3 ^IX-iwy 

*i uvx»©«^sr«»fl«jt-*-ria-e*>5. 

[Ell l] j£^«»c*J»t5*EiDl«E, #£Mm&Tfm.& 

[mi 2] jE^sffii:ajSsat©^ram^ffl«t;:*5i-t5^ 
sirs, &£M&Rtfm&>&m : &?r:-rmx*hz>„ 
[mi 3] MiS4ffi^*3(t5«EUxM, ^itxffiftvai* 

1-X-AUyX, lA-X-AVyX, 1B-X-A 

uyx, gri •• -fgi i/yxi, GRii-f 2yyx 

GRIII - M3 U>Xm. GRIV^4UVXS¥. L 

i-Si yyx, L2-l2uyX 1 L3-I3yy 

X, 14-14 1/yX, L5— JS5WX, L6-f 6 
1/yX, L7-S7^X, L8-l8yyX, L9- 

|9wyx, Lio-liowyx, Lii-ini/ 




[123] 




#53 2000-227548 



[04] 



me] 



F2. 72 



-0.08 0 +0.08 



-0708 



0 



cu=1.79* 



~*J.08 -S~ 



0 



gri -jfnwri? 

L2-*2ltfjr 



/1A 




[05] 



F4.26 




&m*& 



(16) 



2000-227548 




[B8] 



F2. 72 



i , 

■ i 

i/ 



-0. 08 0 +0.08 



cu=1.77* 



-O.08 



0 



+0.08 



0 



+» 



2000-227548 



[19] 



F4.30 




oj=0. 58* 



a> =0.58* 



-0.08 0 +0. 08 



-0.08 



0 



"+<}. 08 -S~ 



0 



-4i 



[mi o] 



[lain 



1 

L1 L2 ) 

cRi-«nir>m J j is y 
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